Background: Decreased relapse rate and slower disease progression have been reported with long-term use of immunomodulatory treatments (IMTs, interferon beta or glatiramer acetate) in relapsing-remitting multiple sclerosis. There are, however, patients who do not respond to such treatments, and they can be potential candidates for alternative therapeutic approaches. Objective: To identify clinical factors as possible predictors of poor long-term response. Methods: A 9-year prospective, continuous follow-up at a single center in Hungary to assess clinical efficacy of IMT. Results: In a patient group of 81 subjects with mean IMT duration of 54 ± 33 months, treatment efficacy expressed as annual relapse rate and change in clinical severity from baseline did not depend on the specific IMT (any of the interferon betas or glatiramer acetate), and on mono-or multifocal features of the initial appearance of the disease. Responders had shorter disease duration and milder clinical signs at the initiation of treatment. Relapse-rate reduction in the initial 2 years of treatment predicted clinical efficacy in subsequent years. Conclusion: Based on these observations, we suggest that a 2-year trial period is sufficient to decide on the efficacy of a specific IMT. For those with insufficient relapse reduction in the first 2 years of treatment, a different IMT or other therapeutic approaches should be recommended.
Introduction
Multiple sclerosis (MS) is a lifelong disease affecting young adults that can lead to significant neurological disability. 1, 2 The immunomodulatory treatment (IMT) with interferon (IFN) beta and glatiramer acetate (GA) can favorably affect the disease course in patients with the relapsing-remitting (RR) subtype of MS, by reducing relapse rate compared with placebo and slowing the accumulation of disability as measured by Expanded Disability Status Scale (EDSS) scores. [3] [4] [5] [6] Randomized, controlled trials usually last for 2 years, a relatively short time in a chronic disorder. The primary goal for treatment of patients with MS is slowing or stabilizing the long-term course of the disease. The systematic long-term follow-up of immunomodulatory-treated patients has crucial importance. Long-term studies -including a 5-year placebo-controlled trial with IFN beta-1b, 7 evaluation of benefit in open-label extension of 2-year placebo-controlled trials with 6 years' subcutaneous IFN beta-1a or 8 years' GA -provide information on safety, clinical, and magnetic resonance imaging outcomes in RRMS. 8, 9 The proportion of noncompleters or dropouts can reach up to 48% of patients in long-term therapy.
patients with a poor response to IMT is important for selecting those patients who are potential candidates to alternative therapeutic approaches.
We present data from a 9-year (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) prospective, continuous follow-up of IMT at a single center in Debrecen, Hungary. Despite the difficulties associated with any study including a small patient number, our aim with this study was to identify clinical factors as possible predictors of clinical outcomes and contribute to understanding of the impact of continuous treatment of MS.
Our goals were to (1) assess clinical efficacy of IMT on relapses and long-term IMT on disability, (2) evaluate a possible relation of functional disturbances at onset of disorder (unifocal or multifocal clinical symptoms) to response to therapy, (3) evaluate whether clinical characteristics of MS patients when IMT was initiated were different in responders compared with nonresponders to IMT, and (4) evaluate the adherence of patients and tolerability of drugs in long-term treatment.
Patients and methods Patients
Although IFN beta-1b and GA have been available in Hungary since 1996 for treating RRMS patients, intramuscularly (IM) administered IFN beta-1a since 1999 and subcutaneously (SC) administered IFN beta-1a since 2001, the number of treated patients/year was limited by the financial support of the Hungarian National Health Insurance Fund. Most of the patients had to wait for months or years to start their treatment. In most cases, the type of drug was selected by the central committee and not by the treating physicians or patients.
In 1996, we started to treat twelve and 14 RRMS patients with IFN-beta 1b and GA, respectively. A total of 81 RRMS patients were selected from 400 MS patients according to the guidelines of the American Academy of Neurology 11 for IMT at the Department of Neurology of the University of Debrecen up to the end of 2003. Patients were informed, and all signed the informed consent. The study was approved by the review board of the University of Debrecen. The initiation of the treatment differed by IMT agent, as different immunomodulators were approved at different times in Hungary. The criteria for treatment were (1) RR clinical course of MS, (2) clinically or clinically and laboratory-supported definite MS according to the Poser criteria, 12 (3) an EDSS score of 0-5.5, 13 (4) age 18-50 years, and (5) at least two relapses in the last 2 years, according to the guidelines of the American Academy of Neurology. 11 Patients were grouped according to the type and length of IMT and response to treatment in four and three groups, respectively. Each patient underwent a neurological examination by the same neurologist during the entire follow-up. Disability status was evaluated by the EDSS every 3 months and in the event of a relapse. Patients were seen within 7-14 days of a suspected relapse. Adverse events and laboratory assessments were controlled monthly when IMT was initiated and later every 3 and 6 months, respectively. Patients presenting clinically one or at least two functional system involvements at the time of onset of disorder were grouped as patients with unifocal or multifocal symptoms, respectively. The number of relapses were counted for the 2 years prior to IMT and for the 2 years after the initiation of IMT. Three groups were formed based on the number of relapses during IMT compared with those before IMT. Relapse-free patients, or patients with greater than 50% reduction in the biennial number of relapses on IMT compared with the 2 years before IMT were grouped as responders. Patients having an identical or higher relapse rate on IMT were considered nonresponders. Patients having 50% or less biennial reduction compared to the 2 years' pretreatment were defined as partial responders.
Secondary progressive MS was defined as progressive deterioration of disability for at least 12 months and deterioration by at least 1.0 point on the EDSS, not associated with an exacerbation, following the initial RR disease course.
Statistical analysis
Means ± standard deviation are reported. Normality of the parameters was checked by the Shapiro-Wilk test. Analysis of variance (ANOVA) or Kruskal-Wallis ANOVA was performed to compare continuous variables between subgroups. For categorical data, the Pearson chi-squared test was used. Statistical significance was considered when P , 0.05. All statistical analyses were carried out using Statistica (version 5.5) for Windows (StatSoft, Tulsa, USA).
Results

Patient characteristics
The baseline data of the clinical subgroups of the 81 patients (51 female and 30 male) for the different IMTs are summarized in Table 1 . Of the patients, 21 were on IFN beta-1b (Betaferon; Shering, Berlin, Germany) 8 million international units every other day, 26 were on GA (Copaxone; Teva Pharmaceutical Industries, Petah Tikva, Israel) 20 mg every day, 27 were on IM IFN beta-1a (Avonex; Biogen, Cambridge, MA) 30 µg each week, and seven were on SC IFN beta-1a (Rebif; Serono, Geneva, Switzerland) 44 µg three times a week. None of these patients received other concomitant disease-modifying therapy such as azathioprine or mitoxantrone in this study.
submit your manuscript | www.dovepress.com There were some differences among the IMT subgroups (1) in age (P , 0.04), (2) in elapsed time between onset and clinically definitive diagnosis of MS (P , 0.002), and (3) in disability (P , 0.02) at initiation of therapy. No differences were seen (1) in the time interval between diagnosis and the initiation of IMT (P . 0.40) or (2) in the mean relapse number in the 2 years' pretreatment (P . 0.10) (ANOVA). Patients on IM IFN beta-1a treatment were the youngest; they had the shortest time from onset to diagnosis of clinically definite (CD) MS and a lower EDSS score at initiation of IMT (Table 1 and Figure 1 ).
Dovepress
Mean time on therapy was 54 ± 33 months (range 3-112 months). Seven patients discontinued the therapy in the IFN beta-1b-and the GA-treated groups. The RR course changed to a secondary progressive course in seven cases, four out of twelve in the IFN beta-1b group and three out of 14 in the GA group after 13.8 ± 1.4 or 20.7 ± 0 years' duration of disorder with 6.4 ± 1.8 or 7.5 ± 0.7 points in EDSS score, respectively. The IMT was changed in three cases.
IFN beta-1b was changed to GA due to lack of efficacy in one case after 1 year's treatment, and one patient from each group shifted from IFN beta-1b and GA injection to the less frequently injected IM IFN beta-1a due to intolerable local side effects and frequent administration, respectively. Two patients developed chest tightness, dyspnea, palpitations, and anxiety as systemic postinjection reaction side effects of GA at the 3-month treatment period. One IM IFN beta-1a-treated patient transiently discontinued the therapy after 2 years due to planned pregnancy. One patient died in nontreatmentrelated GA acute myeloblastic leukemia after 8 years of IMT. In 2005, we still had 17 out of the 26 IFN beta-1b-and GA-treated patients from the original cohort of 1996.
Treatment response
When evaluating clinical efficacy, the relapse rate in the first 2 years of IMT was compared to the relapse rate in the 2 years prior to the initiation of IMT. When checking the treatment response, there was no sex difference. The mean number of relapses before and during 2 years of IMT is provided in Figure 2 . The mean number of relapses decreased by 75% in the total group and was significantly lower in each group (P , 0.05) when compared with the 2 years' pretreatment. The number of relapses was different among the IMT groups in the 2-year pretreatment period (P = 0.015, Kruskal-Wallis ANOVA) as well as in the first 2 years on IMT (P = 0.0028, Kruskal-Wallis ANOVA), but there were no significant differences in the mean decline in relapses (P = 0.996, ANOVA). Mean EDSS scores increased by only 0.5 points from 2.8 ± 1.4 to 3.3 ± 2.0 after 54 ± 33 months' therapy in all the patients with 12.2 ± 6.5 years' disease duration.
The full length of treatment was different in the groups, because the different IMTs became available at different times. Therefore, we compared the progression by treatment duration with subgroups of 2, 4, and more than submit your manuscript | www.dovepress.com
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at onset had a tendency towards higher EDSS scores at baseline than those with unifocal symptoms.
When checking whether responders and nonresponders differ on basic characteristics, we found that the age, relapse rate in the pretreatment period, and the EDSS score at the time of initiation of IMT were not different ( Table 4 ). The time interval between onset and diagnosis of CDMS, and the duration of disorder at the time of initiation of therapy, were also not different between nonresponder and responder patients. Nonresponders developed higher EDSS scores at the second and fourth years of treatment (P = 0.015 and P = 0.016).
Furthermore, we found correlation between age at the time of initiation of IMT and some clinical outcome parameters, such as elapsed time between onset and diagnosis of CDMS (P , 0.0001), time interval between diagnosis and initiation of IMT (P = 0.002), relapse rate in the prior 2 years of IMT (P = 0.042), and disability according to the mean EDSS score at baseline, and after 2 (P , 0.0001), 4 (P , 0.00001) or more than 6 years' (P = 0.003) treatment.
Tolerability of the immunomodulators
Injection-site reactions, including local erythema, pain, or skin necrosis generally declined in occurrence during longterm treatment. Surprisingly, these can develop at any time, regardless of the level of skill administering self-injections. The incidences of injection-site reactions and flu-like symptoms are summarized in Table 5 . Skin necrosis developed in three cases with IFN beta-1b and in one case with GA over the years. Lipoatrophies were observed after 4 years of treatment. Flu-like symptoms, including headache, fatigue, myalgia, and postinjection fever, requiring medication were consistent in some cases on long-term IMT. Only two patients discontinued the IMT due to intolerable local side effects. The therapy was changed to another drug, requiring less frequent administration. 6 years' continuous treatment ( Table 2 ). The total number of patients with more than 6 years' treatment was 29. The maximal duration of IFN beta-1a SC treatment reached only 5 years.
As mentioned above, the number of relapses and EDSS score differed at baseline among the IMT groups. At the time of initiation of IMT, disability was less pronounced in the IFN-1a IM group, and the difference sustained during the follow-up (2 years, P , 0.026; 4 years, P , 0.003; 6 years P , 0.025) (Figure 3 ). The degree of progression in EDSS scores was not different among the groups at 2 years (P = 0.23) or 4 years (P = 0.11), and became different only after 6 years (P = 0.003) ( Table 2) .
When the dissemination of clinical symptoms was compared to the clinical course and response to IMT, no difference was found between mono-or multifocal clinical appearance in the age of onset of disorder, in the time required for diagnosis of CDMS, in patients' natural history or change of relapses or long-term progression by mean EDSS change on IMT (Table 3) 
EDSS
Interferon β-1-b Glatiramer acetate Interferon β-1-a (im)
Values: mean ± 95% confidence intervals Figure 3 Sustained efficacy of longer than 6 years' immunomodulatory treatment on disability. Notes: Patients treated with IFN beta-1a intramuscularly had the smallest Expanded Disability Status Scale (EDSS) score at baseline and 2, 4, and more than 6 years' treatment (P = 0.011, 0.025, 0.003, and 0.025 respectively).
Discussion
Multiple sclerosis is a chronic disease with potential negative impact on patients' quality of life. Relapses are considered to be the clinical manifestation of acute inflammatory demyelination in the central nervous system, whereas progression is considered to reflect chronic demyelination, gliosis, and axonal loss. To date, there are only four approved diseasemodifying agents (DMAs) as first-line treatment options for slowing the progression of the disorder. 14 The efficacy of DMAs can be evaluated by the change in the number of relapses in a relatively short period of time, but long-term treatments are needed to estimate their efficacy on disease process. EDSS is a simple method to monitor disease progression clinically.
The first aim of our study was to show the benefits of different IMTs in MS administered over a long period. As it is difficult to perform a placebo-controlled study when we have an effective treatment, we applied a self-control design, where the number of relapses in the first 2 years of treatment was compared to the relapse numbers in the same patient in the 2 years prior to initiation of IMT. In our series, the relapse rate at the 2-year follow-up period was reduced by more than 60% compared to the 2 years' pretreatment, regardless of the type of treatment. The reduction in relapse rate was higher than observed in pivotal trials comparing IMT with placebo, [3] [4] [5] [6] but consistent with findings in open-label studies. [15] [16] [17] [18] [19] We observed a moderate progression of disability over 4 years in the total patient population, and about 10% of patients became secondary progressive over a 12-year course of the disorder, which is less than expected from natural history data. Age ± SD at initiation of iMT (years) 35.8 ± 13.4 34.9 ± 7.8 33.6 ± 2.1 NS Prior 2-year relapses 2.5 ± 0.7 2.1 ± 1.4 2.5 ± 0.7 NS Relapses in first 2 years' IMT 0.2 ± 0 1.9 ± 1.4 1.5 ± 0.7 ,0.0001 Mean baseline EDSS score 2.6 ± 0.7 3.1 ± 1.8 3.2 ± 0.7 NS EDSS score, 2 years' iMT 2.5 ± 0.4 3.7 ± 2.1 3.7 ± 0.7 0.015 EDSS score, 4 years' iMT 2.6 ± 0.4 4.3 ± 0.7 3.9 ± 0.4 0.016 EDSS score, .6 years' iMT 3.6 ± 0.4 (n = 21) 7.5 (n = 1) 4.9 (n = 7) NS Abbreviations: SD, standard deviation; MS, multiple sclerosis; NS, not significant; EDSS, Expanded Disability Status Scale. Pivotal trials reported that both IFN beta-1a preparations were associated with significant increases in time to sustained disability progression in patients with relapsing MS, 5, 6 whereas IFN beta-1b and GA were not associated with a significant benefit on this end point. 3, 4 Head-to-head, open-label studies have compared the efficacy and tolerability of IFN beta products and GA for the treatment of relapsing MS. Results of these studies are conflicting, with most suggesting equivalent clinical effects of IFN beta products 17, [21] [22] [23] [24] [25] but some have shown small treatment differences among the agents, such as potential benefit of GA over IFNs 26 or SC IFN beta-1a over IM IFN beta-1a in the Evidence of Interferon Dose Response: European North American Comparative Efficacy study 18 or potential benefit of SC IFN beta-1b over IM IFN beta-1a in the Independent Comparison of Interferons trial. 27 Although the patients in our study were quasi-randomized to different DMAs (patient allocation was decided by medication availability and not by the physician's decision), they differed in some of the baseline demographics and disease characteristics. Regardless of these differences, the progression of disability was not different among the different treatment groups, suggesting similar efficacy of the different agents over the course of the disorder. This finding suggests that the frequency of relapses is an important indicator of the efficacy of these IMTs.
Data from the Controlled High-Risk Avonex Multiple Sclerosis, Controlled High-Risk Avonex Multiple Sclerosis Prevention Study in Ongoing Neurologic Surveillance, and Early Treatment of MS studies clearly demonstrate important clinical and MRI benefits of early IFN beta therapy in patients with syndromes that are suggestive of early disease. [28] [29] [30] In our study, patients receiving IM IFN beta-1a treatment had the lowest disability scores after 6 years' therapy with 11 years' duration of disorder. The elapsed time to develop CDMS was the same in the IM IFN beta-1a as the INF beta-1b group. The IMT was started slightly later in the IFN beta-1b group than the IM IFN beta-1a group, when the patients had deteriorated already and become more disabled in the INF beta-1b than the IM IFN beta-1a group, with the same duration of disorder supporting potential benefit of early disease treatment.
We did not find any difference or prognostic value of unifocal or multifocal presentation of MS onset in the time required to develop CDMS or to predict treatment response. Investigators in the Betaferon/Betaseron in Newly Emerging MS for Initial Treatment study studied the effects of IFN beta-1b in patients who had unifocal or multifocal neurological syndromes. The subgroup analysis revealed a stronger treatment effect in patients with monofocal clinical presentation and fewer T 2 lesions, indicating that treatment was particularly beneficial in patients with less active or disseminated disease. 31 Our patients, presenting unifocal or multifocal symptoms, had been grouped clinically and disseminated already at the time of IMT initiation. IMT was submit your manuscript | www.dovepress.com Dovepress Dovepress introduced slightly later in patients with multifocal symptoms when mean EDSS score was slightly higher than patients with unifocal initiation of MS. Comparing data of other Hungarian centers with ours, the progression by EDSS after 6 years' treatment was less pronounced when the baseline EDSS score was lower. 16 Discontinuation/switch rates were 44% for GA, 36.5% for IFN beta-1b, 20.9% for SC IFN beta-1a and 18.3% for IM IFN beta-1a according to the results of a Danish registry study, when 52% of patients were still receiving their initiation therapy 27 after 7 years. There was excellent adherence to IMT in our study, similar to another Hungarian center. 16 The percentage of patients who dropped out of our follow-up study before reaching the secondary progressive course was remarkably low. The consistent side effects of IMT varied between 10% and 35%, most frequently associated with SC IFN administration. Lipoatrophy usually associated with GA treatment was also observed with other types of SC IMT, as reported by others, 32 and all of them occurred in females.
A relapsing course is followed by chronic progression in some 80% of the cases within 2 decades, and median times to reach EDSS scores of 6, 8, and 10 of 12.7, 20.6, and 43.9 years, respectively, were reported in natural history cohorts by Kremenchutzky et al, with the great majority of RR patients entering a progressive phase with a mean time to progression of 10.4 years. 20 Our patients required longer disease duration to convert their course to a secondary progressive phase, but our patient sample was too small to make a strong conclusion. Comparing natural history cohorts from London, Ontario, and the UK with our results, our patients demonstrated the benefit of IMT, wherein they still have mild disability after more than a 12-year course of disorder, better than expected from the natural history data.
Suppressing relapses by disease modifying agents (DMA) influenced the progression of irreversible disability in our patients, conflicting with Lyon MS cohort data. 33 Our nonresponders continuously progressed. Irreversible neurological disability accumulated faster in a relapse reductiondependent manner. This supports the classical concept of inflammation playing a role leading to neurodegeneration in MS. Compared with nonresponders, responders were older and had longer disease duration and a higher relapse rate during the year prior to IFN beta therapy. 34 Our patients didn't differ in age or relapse rate at the time IMT was initiated, and nonresponders had only a slightly longer disease duration than responders, probably due to the small patient sample size of our cohort.
Clinicians now have the tools to manage the course of RRMS more effectively with the advent of highly active second-line therapies. 34, 35 Treatment optimization based on clinical response to first-line therapies can guide the neurologist in more active management of the early course of RRMS. Predictors of poor response to IFN beta have been suggested in several studies. [36] [37] [38] [39] [40] Worsening of disability appears the most reliable indicator for long-term efficacy, which associated with the relapse number during the early phase of IMT in our patients. When cost-effective home administration of intravenous methylprednisolone becomes a future application by community-based neurologists, 41 recording the number of clinical attacks could be a simple measure for evaluating treatment efficacy in daily practice.
Our results, derived from a single center with a small cohort size, are consistent with larger, well-controlled phase III clinical trials and observational studies that have shown equal efficacy among beta IFN products 17 and GA, 25 probably not only in the short term but in long-term treatment as well, particularly with higher benefit in patients with mild disability and shorter course of disorder at the time of IMT initiation. Relapse-rate reduction in the initial 2 years of treatment predicted clinical efficacy in subsequent years. Based on these observations, we suggest that a 2-year trial period is sufficient to decide on the efficacy of a specific IMT. For those with insufficient relapse reduction in the first 2 years of treatment, a different IMT or other therapeutic approaches should be recommended.
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